Introduction {#sec1-2055207618770861}
============

Over the past two decades, the understanding of how employee health impacts productivity has advanced substantially.^[@bibr1-2055207618770861][@bibr2-2055207618770861][@bibr3-2055207618770861]--[@bibr4-2055207618770861]^ There is now a large body of evidence linking financial costs to employee health risks. This relationship is mainly defined by a loss of productivity driven by absenteeism and presenteeism. Absenteeism, defined as time away from work due to illness or disability, is a simple debt to calculate and has long been associated with lowered productivity.^[@bibr5-2055207618770861][@bibr6-2055207618770861]--[@bibr7-2055207618770861]^ Presenteeism is slightly more complex in that it refers to time spent at work with decreased levels of productivity, which is often harder to measure. This lack of workplace performance can be due to mental or physical health issues, and it is often underestimated by organizations.^[@bibr8-2055207618770861]^ Both absenteeism and presenteeism are strongly correlated with unhealthy employee behaviours and status. Examples of these can include poor management of health conditions, obesity, insomnia, lack of physical activity or depression, all of which have been shown to have a detrimental economic impact on organizations.^[@bibr3-2055207618770861],[@bibr9-2055207618770861][@bibr10-2055207618770861][@bibr11-2055207618770861]--[@bibr12-2055207618770861]^

In addition, research has shown that many of the unhealthy lifestyle behaviours linked to reduced productivity are highly modifiable. Studies implementing interventions in the workplace designed specifically to address these behaviours have frequently shown health status improvements and consequent reductions in absenteeism and presenteeism in participants.^[@bibr13-2055207618770861][@bibr14-2055207618770861][@bibr15-2055207618770861][@bibr16-2055207618770861]--[@bibr17-2055207618770861]^ The greater understanding of the causal link between employee health status and work performance metrics has resulted in a steady and sustained growth in employee focused health and well-being programmes. Once considered a 'nice to have' benefit, these programmes are now key to many organizations' global investment and people management strategies. It has become commonplace for large organizations to conduct regular employee health risk assessments (HRAs) and to offer health promotion programmes to employees to address identified health issues. These programmes vary in length, composition and intensity, but are all designed to assess and promote an increase in healthy lifestyle behaviours, such as proactive stress management, better nutrition and greater physical activity.

The research literature suggests that the most successful approach to addressing employee health issues is through a multicomponent design.^[@bibr13-2055207618770861][@bibr14-2055207618770861]--[@bibr15-2055207618770861],[@bibr17-2055207618770861][@bibr18-2055207618770861]--[@bibr19-2055207618770861]^ Multicomponent health interventions combine support from various sources such as health professionals, employee support groups, telephonic coaching programmes and most recently, web and mobile device-delivered applications. The advancement of digital technology over the last 20 years has penetrated almost every aspect of modern life, and health management is no exception. Digital health interventions have become increasingly popular within the health industry due to the ease with which they can be implemented and scaled to large and often dispersed populations. In addition, such an approach may be more cost effective compared with more traditional personnel-dependent programmes. Accessible through any internet-connected device, many organizations are using digital interventions to leverage support for the health and well-being of their employees.^[@bibr20-2055207618770861]^

Despite their popularity, one aspect that is not well understood about workplace health promotion programmes in the digital age is how much the digital element can itself, or as part of a multicomponent intervention, contribute to the overall programme efficacy and improved health outcomes. To address this question and the gap in the literature we conducted a systematic review of current peer-reviewed research of workplace-based 'digital only' interventions, which we hope will be a valuable resource for researchers and programme developers alike.

The main objective of this review was to assess the impact of digital health interventions in the workplace on health-related outcomes. This review implemented a conservative definition of digital interventions to exclude studies that included any form of employee support that was non-digital.

Methods {#sec2-2055207618770861}
=======

This review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement^[@bibr21-2055207618770861]^ and is registered with PROSPERO (registration: CRD42017059621).^[@bibr22-2055207618770861]^

Eligibility criteria {#sec3-2055207618770861}
--------------------

Studies that were randomized controlled trials (RCTs), including pilots, reported in English, assessing the impact of digital health interventions in the workplace, with at least one primary outcome being health related were included. Participants recruited were eligible if they were aged 18 years or above and were employees. Digital interventions were considered eligible if they delivered through the use of a computer, tablet, smartphone or email, either as a website, app or downloadable software.

Digital interventions, which included further support such as meetings, health counselling or direct feedback from a health professional or coach (even those delivered digitally), were considered not purely digital and therefore were not included, as it was not possible to discern the impact of the digital component. The exception to this was the introduction of the intervention to participants or follow-up reminder for data collection, which were often conducted with human support for research purposes. Finally, interventions incorporating the use of wearable technology were not considered eligible as self-monitoring wearable devices can be considered a separate intervention on their own.

There was no limit to length or duration of interventions included within this review and outcomes were any health-related measure, including those quantifying physical or mental health, illness symptoms and health-related lifestyle behaviours.

Search strategy {#sec4-2055207618770861}
---------------

Electronic databases including MEDLINE, EMBASE, PubMed, PsycINFO and CINAHL were searched for studies published up to and including December 2017. The search strategy was based on the PICO (population, intervention, comparison and outcome) strategy,^[@bibr23-2055207618770861]^ with the language restriction of English. Reference lists of eligible studies were screened for further papers meeting the inclusion criteria. Databases were searched using a combination of the key words such as: 'work\*', 'occupational', 'digital', 'web', 'internet', 'apps', 'well-being', 'health', 'intervention' and 'treatment'. Terms were based on MeSH indexing as well as free text terms (see supplementary File 1 for a full list of search terms and combinations).

Data collection and extraction {#sec5-2055207618770861}
------------------------------

Using the predefined criteria, all searches were conducted by the first author (AH) based on abstract and title. Results were then screened independently by two authors (AH and PM) who rated the eligibility of the records to confirm relevant papers. Full texts for papers rated as relevant or potentially relevant were then retrieved and reviewed by two authors (AH and PM) to determine final eligibility. Any studies that were disagreed upon were discussed, and a consensus was reached for all articles included.

A data extraction of the following fields was then used to summarize the key points of the eligible studies: first author name, publication date, country, design and aim, participant characteristics (including age, gender and employment detail), type of intervention, type of comparison, main outcome measures and results (i.e. effects of interventions on outcomes). The extraction was conducted by AH and verified by SJ, JC and PM.

Assessment of quality {#sec6-2055207618770861}
---------------------

Methodological quality of the included studies was assessed for those with an RCT design using the Cochrane Handbook for Systematic Reviews of Interventions.^[@bibr24-2055207618770861]^ The handbook recommends using the Cochrane risk of bias tool^[@bibr25-2055207618770861]^ to allocate a risk of bias classification for each study. Grading with this approach was dependent on certain issues affecting bias such as reporting of randomization, blinding and allocation concealment and whether outcome measures were fully reported. Each study was reviewed by two authors (AH and PM), given an overall risk of bias grade of low, unclear or high and then discussed for consensus if there was disagreement in grading.

Analysis {#sec7-2055207618770861}
--------

Meta-analysis was not considered a feasible option based on the included studies, as there was a lack of the required homogeneity across outcome measures.^[@bibr24-2055207618770861]^ A narrative approach was therefore used to summarize findings.

Results {#sec8-2055207618770861}
=======

Selection of studies {#sec9-2055207618770861}
--------------------

The search identified 1354 papers and these articles were then screened using the inclusion criteria as illustrated by the PRISMA flow diagram^[@bibr21-2055207618770861]^ below (see [Figure 1](#fig1-2055207618770861){ref-type="fig"}) by two authors (AH and PM). Duplicates were removed, and initial screening based on title and abstract resulted in 101 articles deemed eligible. Full-text articles for these records were then obtained and reviewed by two authors (AH and PM). From this process, a further 79 articles were excluded. The majority (*n* = 41) were excluded because they were multicomponent in nature; 17 studies were found not to be evaluating health-related outcomes or interventions. Eight were feasibility studies that did not report on health-related outcomes, six were protocol articles, five studies did not use an occupational population and two studies were qualitative. No additional studies were found by hand searches and the final total of eligible studies was 22. Figure 1.PRISMA flow diagram illustrating screening of studies.

Study characteristics {#sec10-2055207618770861}
---------------------

A total of 22 studies were included in this review up to and including December 2017. A summary of study characteristics can be seen in [Table 1](#table1-2055207618770861){ref-type="table"} and a summary of intervention characteristics can be seen in [Table 2](#table2-2055207618770861){ref-type="table"}. Table 1.Overview of included studies.First author, date (ref) countryDesign/aimParticipantsIntervention and comparator/controlOutcome measuresFindingsRisk of bias^[c](#table-fn3-2055207618770861){ref-type="table-fn"}^Bolier, 2014 (26) NetherlandsRCT^[a](#table-fn1-2055207618770861){ref-type="table-fn"}^ To examine the effectiveness of an online health module targeting positive mental health366 nurses, allied health professionals Mean age 40.0 yrs ±  11.9 yrs 80% female(a) Online health screening and personalized feedback module with access to online self-help interventions (b) Online health screening as waitlist controlMental Health Continuum -- Short Form, Utrecht Work Engagement Scale, WHO-5 Well-being Index^[b](#table-fn2-2055207618770861){ref-type="table-fn"}^, Brief Symptom Inventory (anxiety and depression sub-scales)Positive mental health was significantly enhanced in the intervention group compared with the control group There was also a small but significant effect for work engagement in the intervention groupLBostock, 2016 (27) UKRCT To evaluate a digital cognitive behavioural therapy intervention for insomnia270 self-reported insomniacs from a global 'Fortune 500' company Mean age 33.6 yrs ± 6.0 yrs 33% female(a) dCBT (digital cognitive behavioural therapy) for insomnia including assessment, tailored feedback and online support (b) Online assessment as waitlist controlSleep Condition Indicator, Work Productivity and Activity Impairment questionnaireThe dCBT group had significantly higher Sleep Condition Indicator scores than the control Before and after analysis of the dCBT group found significant improvements in presenteeismLBrendryen, 2017 (28) NorwayPilot RCT To pilot the effectiveness of a previously established internet-based alcohol intervention, within a workplace setting80 employees from four organizations: a group of public hospitals, a county, a municipality department, a consulting company Mean age 43.0 yrs ± 11.0 yrs 52% female(a) Web-based, intensive self-help alcohol programme with SMS support (b) e-booklet with general alcohol-related educational information and adviceTotal weekly alcohol consumption as reported using a scale ranging from 0 to 10 drinks per dayFindings were inconclusive regarding the effectiveness of the intensive intervention in comparison to the brief due to recruitment issues but of survey responders, the intensive intervention group drank 5--6 less drinks a week than the brief intervention groupLCook, 2007 (29) USARCT To evaluate the effectiveness of a web-based health programme designed to improve diet, stress and physical activity419 employees from a human resources company 40.0 yrs ± 11.9 yrs 80% female(a) Web-based health programme with substantial information and guidance on the major health promotion and wellness topics (b) Printed materials consisting of five commercially available booklets on eating, weight management, stress, fitness and alcohol21 online health questionnaires covering diet, weight, stress, coping, exercise and motivation assessmentThe web-based group scored significantly higher than the printed materials group in areas of diet and nutrition although both groups showed improvements on most dietary measures No significant differences were found between the two groups on measures of stress or physical activity although both groups showed improvementsUCook, 2015 (30) USARCT To evaluate the effectiveness of a web-based health programme aimed specifically at workers 50 years and older278 employees from a large global IT company 67% were aged 50--68 yrs 33% female(a) Web-based health programme with major health promotion topics of healthy ageing, diet, physical activity, stress management and tobacco use (b) Waitlist control16 online health questionnaires assessing diet, weight, stress, coping, exercise, motivation, tobacco use and beliefs about ageingThe programme group scored significantly better than the control group on diet, healthy eating and exercise There were no significant programme effects found on measures of stress or ageing beliefsUDeitz, 2014 (31) USARCT To examine whether a web-based programme reduces cardiovascular (CV) risk behaviours210 hospital employees with at least one known CV risk factor Range 21--72 yrs 86% female(a) Web-based, interactive, Heart Healthy programme with tailored feedback designed to reduce cardiovascular risk reduction behaviour (b) Waitlist control13 online questionnaires and surveys covering CV risk attitudes and behaviour, blood pressure, heart rate, BMI^[d](#table-fn4-2055207618770861){ref-type="table-fn"}^The intervention group showed significant improvements in diet, exercise, self-efficacy, stress and mood measuresUDoumas, 2007 (32) USARCT To evaluate the efficacy of a web-based programme aimed at reducing high-risk alcohol behaviour in young adults124 human resources employees, aged 18--24 yrs 73% female(a) Web-based programme with personalized drinking feedback designed to reduce high-risk drinking (b) Web-based programme with personalized drinking feedback designed to reduce high-risk drinking with 15-min motivational interview in person (c) Waitlist controlMeasures of alcohol consumption: drinking quantity, peak consumption, frequency of drinking to intoxication and binge drinking, Modified Daily Drinking QuestionnaireWhen both interventions were combined and compared with the control group, significantly lower levels of drinking were found in the intervention group, especially in high-risk individuals The web-based alone intervention also had significantly lower drinking levels compared with the control group but there was no difference found between the web-based with interview intervention when compared with the controlUGriffiths, 2016 (33) AustraliaRCT To assess the effectiveness of an online mental health programme507 government employees Mean age 44.5 yrs ± 11.4 yrs 74% female(a) Online educational programme focusing on depression and anxiety (b) Waitlist controlDepression Literacy Scale, Generalized Anxiety Literacy Scale, Depression Stigma Scale -- Personal subscale, Generalized Anxiety Stigma scale -- Personal subscale, Generalized Help-Seeking Questionnaire, Attitudes Towards Seeking Professional Psychological Help Scale-Short Form, help-seeking behaviourThe intervention group showed significantly greater improvements in depression and anxiety literacy, and a greater reduction of depression and anxiety personal stigma, compared with the controlUIrvine, 2011 (34) USARCT To test a web-based intervention designed to improve physical activity of sedentary workers221 employees from a large manufacturing plant Mean age 45.0 yrs ± 9.7 yrs 42% female(a) Web-based tool for health promotion and stress management including classical stress management exercises and a chat (b) Web-based tool for health promotion and stress management with no extra exercises or chatCurrent Exercise Status Scale, study specific measures of depression, anxiety, stage of change, attitudes and perceived knowledge, behavioural self-efficacy and intention, barriers to PA and PA motivationThe intervention group differed significantly from the control group on 11 outcomes Large effect sizes were found for PA status and knowledge, attitudes and behavioural intention Medium effect sizes were found for perceived barriers, depressive symptoms, motivation and self-efficacyUKetelaar, 2014 (35) NetherlandsRCT To evaluate an e-mental health (EMH) programme aimed at improving work function and mental health128 nurses and allied health professionals Mean age 49.0 yrs ± 12.0 yrs 77% female(a) Website designed to offer tailored education, support and guidance for PA (b) Waitlist controlNurses Work Functioning Questionnaire, Four-Dimensional Symptoms Questionnaire, Dutch Questionnaire on the Experience and Evaluation of WorkSignificant improvements were found on work functioning and work-related fatigue for the intervention group Work functioning improved in 30% of participants with a small effect on stress found in the participants who had logged onto the EMH interventionUKhadjesar, 2014 (36) UKRCT To determine the effectiveness of an online alcohol reduction programme as part of an online employee health check1066 employees in a large organization Median age 48.0 yrs 25% female(a) Online health check with feedback on all health behaviours including specific risk advice regarding alcohol (b) Waitlist control group which received the same feedback minus alcohol adviceOnline health check including health behaviours (e.g. smoking status, fruit and vegetable consumption), Alcohol Use Disorders Identification Test, EQ-5D^[e](#table-fn5-2055207618770861){ref-type="table-fn"}^There was no significant difference in past week alcohol consumption between groups or on the scores of the Alcohol Use Disorders Identification Test or EQ-5D at follow-upUMainsbridge, 2014 (37) AustraliaRCT To evaluate the effect of an e-health intervention on mean arterial pressure (MAP) through reducing prolonged sitting29 desk-based employees from a government agency Mean age 39.5 yrs ± 11.0 yrs 83% female(a) Interactive e-health programme designed to encourage breaks in long bouts of sitting by standing up to engage in brief physical activity with screen prompts every 45 min (b) Waitlist controlBlood pressure, stages of change questionnaire, Short Form-36The intervention group had a significantly decreased mean MAP after a 13-week period compared with the control groupLMatano, 2006 (38) USAPilot RCT To pilot a web-based intervention for alcohol consumption reduction145 employees from a Silicon Valley work site identified as low or moderate risk for alcohol abuse Mean age 39.9 yrs ± 11.3 yrs 78% female(a) Website providing general information about alcohol use and its effects along with full individualized feedback based on individual risk for alcohol abuse (b) Website providing general information about alcohol use and its effects with no individualized feedbackCAGE questionnaire, Alcohol Use Disorders Identification TestThose who were classified moderate-risk in the intervention group had a significant reduction in frequency of beer bingeing Those who were classified low-risk in the intervention group had a significant reduction in frequency of beer binges and hard liquor bingesUPedersen, 2014 (39) AustraliaRCT To examine the effectiveness of an e-health intervention designed to improve workday energy expenditure for desk-based employees34 desk-based police employees from several sectors Mean age 39.7 yrs ± 11.0 yrs 76% female(a) e-health software program designed to reduce sitting time by prompting user on their computer to be active (stand, move, stretch) every 45 min (b) Waitlist controlStudy-specific questionnaire based on the Occupational Sitting and Physical Activity Questionnaire and the Occupational Physical Activity QuestionnaireThe intervention group significantly increased calories expended during the work day compared with the control group, which decreasedUQuerstret, 2016 (40) UKRCT To investigate how an online mindfulness course influences occupational health118 employees from various organizations Mean age 40.7 yrs ± 10.5 yrs 81% female(a) Online mindfulness course based on traditional mindfulness based stress reduction course (b) Waitlist controlThe Work-Related Rumination Questionnaire, Occupational Fatigue Exhaustion Recovery scale, The Pittsburgh Sleep Quality Index, Five Facet Mindfulness Questionnaire Short formThe intervention group reported significantly improved levels of rumination, problem solving, pondering, fatigue and sleep quality compared with the control groupLSchell, 2008 (41) SwedenRCT To evaluate the effect of a web-based stress programme on back, neck and shoulder pain and pain-related stress226 news media employees Mean age 44.0 yrs Age range 23--61 yrs 45% female(a) Web-based tool for health promotion and stress management including classical stress management exercises and a chat (intervention group) (b) Web-based tool for health promotion and stress management with no extra exercises or chat (reference group) (c) Control with no interventionStudy-specific self-reported pain and pain-related stress questionnaireThere were no significant differences between groups at any point Some significant differences were found within groups, but they were inconsistent and varied according to pain localizationLShimazu, 2005 (42) JapanRCT To examine the effects of a web-based programme on self-efficacy, problem-solving behaviour, stress responses and job satisfaction212 white collar employees Mean age 43.0 yrs ± 11.4 yrs 28% female(a) Online self-paced employee programme aimed at enhancing coping abilities (b) Waitlist controlThe Self-efficacy scale, study-specific problem-solving behaviour measure, Brief Job Stress Questionnaire, Single item job satisfaction measureJob satisfaction changes pre to post intervention were marginal but significant compared with the control groupUSolenhill, 2016 (43) SwedenRCT To evaluate the effect of a web-based health programme with or without the option of telephone coaching981 transport employees Mean age 44.0 yrs ± 10.2 yrs 23% female(a) Health risk assessment and tailored feedback (b) Health risk assessment and tailored feedback and telephone coaching option (c) Health assessment with no feedbackBMI, Alcohol Use Disorders Identification Test, Karolinska Sleep Questionnaire, self-reported activity levels, usage of telephone helplines, healthy eating behaviours, self-perceived health, motivation to change ratingsNo significant differences were found between any groups in relation to reported health behaviours At baseline, the intervention groups reported significantly higher motivation to improve dietary and physical activity behaviour compared with the controlUUmanodan, 2014 (44) JapanCluster RCT To evaluate the effectiveness of a computer-based stress management training programme263 employees from a manufacturing company Mean age 38.9 yrs ± 11.4 yrs 7% female(a) Online stress management training consisting of behavioural, communication and cognitive techniques (b) Waitlist controlBrief Job Stress Questionnaire, Utrecht Work Engagement Scale, World Health Organization Health and Work Performance Questionnaire, Brief Scales for Coping ProfileThere was a significant effect found for increase in 'knowledge about stress management' in the intervention groupLVan den Heuvel, 2003 (45) NetherlandsRCT To evaluate the effects of a software program that promotes extra activity for workers with neck and upper-limb complaints268 computer worker employees Age range 18--50 yrs(a) Software program that prompts a 5-min break on screen for every 35 min of computer use with physical exercise recommendations (b) Software program that prompts a 5-min break on screen for every 35 min of computer use with no physical exercise recommendations (c) ControlRecovery rate from complaints questionnaire, frequency and severity of complaints, self-reported sick leave, productivity by the mean number of key strokes a dayThere were no differences between pre and post intervention score comparisons between groups Self-reported recovery was significantly higher in the intervention groups compared with the controlUWestrup, 2003 (46) USARCT To assess the impact of a website-based intervention aimed at reducing high-risk drinking187 employees Mean age 40.9 yrs ± 11.5 yrs 77% female(a) Website for alcohol and coping behaviour with limited individualized feedback (b) Website for alcohol and coping behaviour with full individualized feedbackSocial Readjustment Rating Scale, modified version of Brief COPE^[f](#table-fn6-2055207618770861){ref-type="table-fn"}^ Inventory, daily website usage in minutesThere was no significant difference between groups for average daily minutes of website use Significant differences were found in average daily use related to alcohol dependence risk level with those at the high-risk level using the website more than those in the moderate or low-risk groupUZhang, 2017 (47) SingaporePilot RCT To pilot Smartphone-Based Coronary Heart Disease (CHD) Prevention programme aimed at improving awareness and knowledge of CHD, perceived stress and cardiac-related lifestyle behaviours80 employees without CHD not working in heart-related organizations or institutes Age range 21--40 yrs65% female(a) Smartphone app with heart-related educational programme (b) Health promotion website accessAwareness of CHD, Heart Disease Fact Questionnaire, Perceived Stress Scale, Behavioural Risk Factor Surveillance System questionnaireThe intervention group had higher CHD awareness and knowledge than the control group as well as one better coronary behaviour (i.e. blood cholesterol control)U[^1][^2][^3][^4][^5][^6] Table 2.Summary of intervention characteristics of included studies.First author, date (ref)Label and contentMode of deliveryDuration of interventionBolier, 2014 (26)Workers' health surveillance module with established self-help programmes: *Psyfit*, *Colour Your Life*, *Strong at Work*, *Don\'t Panic Online*, *Drinking Less*: screening with automated individual feedback and offer of online interventions targeting well-being and mental healthMultiple websites12 wksBostock, 2016 (27)Digital cognitive behavioural therapy (dCBT) for insomnia: assessment, tailored feedback and online support delivered using established programme ([www.sleepio.com](www.sleepio.com)). Included automatic email/SMS^[a](#table-fn7-2055207618770861){ref-type="table-fn"}^ prompts supportWebsite, SMS, email8 wksBrendryen, 2017 (28)Intensive online alcohol self-help programme with SMS and email reminders -- programme designed to address risky alcohol behaviour through self-regulation with four key aspects: goal setting and tracking of alcohol consumption, relapse prevention, emotion regulation and alcohol educationWebsite, SMS, email24 wksCook, 2007 (29)Health Connection: multimedia health promotion programme offering education/guidance for stress, weight management and fitness. Rooted in models of health behaviour change and designed to improve lifestyle behaviours and attitudes of working adultsWebsite12 wksCook, 2015 (30)*HealthyPast50*: Web-based multimedia programme containing education/guidance on the major health topics relevant to older adults including assessments and educational modulesWebsite12 wksDeitz 2014 (31)*Heart Healthy: Your Guide for Life!*: web-based, healthy heart promotion programme with tailored feedback and five interactive modules. Email reminders every 2 weeksWebsite, email6 wksDoumas, 2007 (32)[*www.CheckYourDrinking.net*](www.CheckYourDrinking.net)*:* web-based programme with personalized drinking feedback in relation to national norms, financial costs, negative effects and risk statusWebsite4 wksGriffiths, 2016 (33)*Mental Health Guru* (*MH-Guru*): two-module online mental health workplace induction programme focused on depression and anxiety. Modules take 30 min to complete, once a weekWebsite2 wksIrvine, 2011 (34)*Get Moving*: online web-based intervention accessible on company-specified computer included tailored feedback, education, support and guidance for physical activity. Participants were encouraged to visit a location once a week to log onWebsite, SMS4 wksKetelaar, 2014 (35)e-mental health (EMH): online programme consisting of screening, tailored feedback and online advice through access to self-help internet interventionsWebsite, email4 wksKhadjesar, 2014 (36)Online health check with personalized feedback including *Down Your Drink (DYD)*: online programme consisting of screening, tailored feedback and access to an extended online alcohol intervention. Email reminder to complete final questionnaireWebsite, email12 wksMainsbridge, 2014 (37)*Exertime*: e-health software program designed to reduce sitting time with personal computer prompts to stand and undertake physical activity (e.g. walking to the photocopier, taking the stairs), which then had to be logged as completed to return to work screenDownloaded software13 wksMatano, 2006 (38)*CopingMatters*: website providing fully tailored feedback, recommendations, mini-workshops, activities and links to further online resources to better manage risk for alcohol-related problemsWebsite12 wksPedersen, 2014 (39)*Exertime*: e-health software program designed to reduce sitting time with personal computer prompts to stand and undertake physical activity (e.g. walking to the photocopier, taking the stairs), which then had to be logged as completed to return to work screenDownloaded software13 wksQuerstret, 2016 (40)[*www.bemindfulonline.com*](www.bemindfulonline.com): online mindfulness programme with 10 interactive sessions through which participants learn to use both formal meditation skills and informal mindfulness techniques. Shortened version of traditional 8-week mindfulness programmeWebsite4 wksSchell, 2008 (41)Web-based stress management and health promotion programme: online programme for assessing, monitoring and managing stress levels and health including online diariesWebsite24 wksShimazu, 2005 (42)Web-based programme for stress management, problem solving and coping enhancement: online self-paced programme with three phases aimed at improving stress knowledge, problem solving in the workplace and application of acquired skills in the workplace. Email reminders or prompts were sent when learning did not initiate or was incompleteWebsite, email5 wksSolenhill, 2016 (43)Web-based lifestyle health intervention: online health programme aimed at improving lifestyle factors including BMI^[b](#table-fn8-2055207618770861){ref-type="table-fn"}^, perceived health and motivation to change along with tailored feedbackWebsite36 wksUmanodan, 2014 (44)Computer-based stress management training: online self-paced programme with a two-phased approach consisting of skill acquisition followed by application. Weekly email reminders and prompts throughoutWebsite, email8 wksVan den Heuvel, 2003 (45)Programme stimulating regular breaks in the work place for physical activity: software installed onto workplace computers prompts a 5-min break on screen for every 35 min of computer use with recommendation to partake in physical exerciseWebsite8 wksWestrup, 2003 (46)*CopingMatters*: website providing tailored feedback, recommendations, mini-workshops, activities and links to further online resources to better manage risk for alcohol-related problemsWebsite12 wksZhang, 2017 (47)*Care4Heart*: app with SMS support developed specifically for working adults with four learning modules, covering coronary heart disease education (CHD), risk factors for CHD, healthy lifestyles related to CHD and stress management in relation to CHD. Relaxation video clips and the ability to track health information such as daily calorie intake were included in the appSmart phone app, SMS4 wks[^7][^8]

Participant characteristics {#sec11-2055207618770861}
---------------------------

The mean age of participants was 42 years (SD = 6.5 years) with over 90% being less than 50 years old and more than two-thirds being between 40 and 50 years of age. As the review inclusion criteria was a workplace setting, all participants were employees. Ethnicity was generally not specified with instead the location of the study being the only indication of participant nationality. Of the 22 studies, the gender ratios were tipped towards female participants with the average proportion of females in studies being 69%.

Participants were recruited from a variety of workplaces including public and private offices, academic or hospital settings and manufacturing plants. The majority of studies (*n* = 11) recruited employees who were identified as desk-based or office workers,^[@bibr32-2055207618770861],[@bibr37-2055207618770861][@bibr38-2055207618770861]--[@bibr39-2055207618770861],[@bibr41-2055207618770861][@bibr42-2055207618770861]--[@bibr43-2055207618770861],[@bibr45-2055207618770861],[@bibr46-2055207618770861],[@bibr48-2055207618770861],[@bibr49-2055207618770861]^ three studies included nurse or health professionals^[@bibr26-2055207618770861],[@bibr31-2055207618770861],[@bibr35-2055207618770861]^ and the remaining eight studies recruited employees from a government department,^33^ large unnamed organizations,^[@bibr27-2055207618770861],[@bibr36-2055207618770861]^ manufacturing plant employees^[@bibr34-2055207618770861],[@bibr44-2055207618770861]^ or a mix of businesses and organizations combined together.^[@bibr28-2055207618770861],[@bibr40-2055207618770861],[@bibr47-2055207618770861]^

Over a quarter of the studies (*n* = 7) were conducted in the USA^[@bibr29-2055207618770861][@bibr30-2055207618770861][@bibr31-2055207618770861]--[@bibr32-2055207618770861],[@bibr34-2055207618770861],[@bibr38-2055207618770861],[@bibr50-2055207618770861]^ with the next most common locations being Australia (*n* = 3),^[@bibr26-2055207618770861],[@bibr35-2055207618770861],[@bibr45-2055207618770861]^ the Netherlands (*n* = 3)^[@bibr27-2055207618770861],[@bibr36-2055207618770861],[@bibr40-2055207618770861]^ and the UK (*n* = 3).^[@bibr27-2055207618770861],[@bibr36-2055207618770861],[@bibr40-2055207618770861]^ The last six studies were conducted in Sweden,^[@bibr41-2055207618770861],[@bibr43-2055207618770861]^ Japan,^[@bibr42-2055207618770861],[@bibr44-2055207618770861]^ Norway^[@bibr28-2055207618770861]^ and Singapore.^[@bibr47-2055207618770861]^

Attrition rates {#sec12-2055207618770861}
---------------

Using available data reported within each study, attrition rates were calculated based on numbers at baseline compared with those included in the final analysis. Attrition rates ranged from 0 to 60%, with a median rate of 21%, but two studies stood out with no participants withdrawing,^[@bibr37-2055207618770861],[@bibr39-2055207618770861]^ both of which included interventions aimed at reducing sitting time for desk-based employees. In contrast, the two studies^[@bibr35-2055207618770861],[@bibr44-2055207618770861]^ with the highest attrition rate (i.e. 56% and 60%) were aimed at improving mental health and stress management.

Intervention characteristics {#sec13-2055207618770861}
----------------------------

The contents of the interventions varied considerably (see [Table 2](#table2-2055207618770861){ref-type="table"}) but most (n = 17) were formatted much the same way in that they included an assessment (e.g. screening) and individualized feedback based on the results of the assessment.^[@bibr26-2055207618770861],[@bibr28-2055207618770861][@bibr29-2055207618770861][@bibr30-2055207618770861][@bibr31-2055207618770861][@bibr32-2055207618770861]--[@bibr33-2055207618770861],[@bibr35-2055207618770861],[@bibr36-2055207618770861],[@bibr38-2055207618770861],[@bibr41-2055207618770861][@bibr42-2055207618770861][@bibr43-2055207618770861][@bibr44-2055207618770861][@bibr45-2055207618770861][@bibr46-2055207618770861]--[@bibr47-2055207618770861]^ The feedback component within these interventions usually consisted of a website with health and education information and/or interactive sessions to improve the targeted behaviour or outcome. The remaining interventions were specific software programs aimed at reducing sedentary behaviour in the work place (*n* = 3),^[@bibr34-2055207618770861],[@bibr37-2055207618770861],[@bibr39-2055207618770861]^ an online digital CBT (cognitive behavioural therapy) programme^[@bibr27-2055207618770861]^ and an online mindfulness course for employees.^[@bibr40-2055207618770861]^ Despite the large volume of health applications available for smart phones, only one study had an intervention that was delivered primarily by a smart phone application,^[@bibr47-2055207618770861]^ but four in total used SMS (short message services).

While some interventions were introduced with human (e.g. researcher) contact, all participation with the actual intervention was digital, usually accessed with a private code or password once the employee consented to participate. Tailored feedback generated ranged from generic information related to response options chosen by participants during health or well-being screenings to fully individualized recommendations, homework, personal challenges or online diaries. Push notifications and encouraging emails automatically sent at certain stages throughout interventions were included within 50% of studies.

Just over half of the reviewed studies (*n* = 12) included interventions that used an already existing online intervention, usually in combination with a health assessment.^[@bibr26-2055207618770861],[@bibr27-2055207618770861],[@bibr31-2055207618770861][@bibr32-2055207618770861]--[@bibr33-2055207618770861],[@bibr35-2055207618770861],[@bibr37-2055207618770861][@bibr38-2055207618770861][@bibr39-2055207618770861]--[@bibr40-2055207618770861],[@bibr46-2055207618770861]^ A further seven^[@bibr28-2055207618770861],[@bibr34-2055207618770861],[@bibr41-2055207618770861][@bibr42-2055207618770861][@bibr43-2055207618770861][@bibr44-2055207618770861]--[@bibr45-2055207618770861]^ included interventions that were study specific (i.e. programmes that had not been used or evaluated previously) and three studies assessed interventions that had been previously developed by the authors themselves.^[@bibr29-2055207618770861],[@bibr30-2055207618770861],[@bibr47-2055207618770861]^

Duration of interventions {#sec14-2055207618770861}
-------------------------

The average length of the interventions in the studies included was 3 months (median = 12 weeks) with nine being exactly 12 weeks in length^[@bibr26-2055207618770861],[@bibr29-2055207618770861],[@bibr30-2055207618770861],[@bibr36-2055207618770861][@bibr37-2055207618770861][@bibr38-2055207618770861]--[@bibr39-2055207618770861],[@bibr42-2055207618770861],[@bibr46-2055207618770861]^ and 10 studies running from 2 to 8 weeks.^[@bibr27-2055207618770861],[@bibr31-2055207618770861][@bibr32-2055207618770861][@bibr33-2055207618770861][@bibr34-2055207618770861]--[@bibr35-2055207618770861],[@bibr40-2055207618770861],[@bibr44-2055207618770861],[@bibr45-2055207618770861],[@bibr47-2055207618770861]^ Of the three studies that had interventions that ran for longer, two ran for 6 months^[@bibr28-2055207618770861],[@bibr41-2055207618770861]^ and one study had a general health behaviour intervention that was available to participants for 9 months.^[@bibr43-2055207618770861]^

Control and comparisons {#sec15-2055207618770861}
-----------------------

There were a variety of control and comparison types used for the studies reviewed, all of which were time matched in length. More than half of the reviewed studies (*n* = 12) used a waitlist control,^[@bibr26-2055207618770861],[@bibr27-2055207618770861],[@bibr31-2055207618770861],[@bibr33-2055207618770861][@bibr34-2055207618770861]--[@bibr35-2055207618770861],[@bibr37-2055207618770861],[@bibr39-2055207618770861],[@bibr40-2055207618770861],[@bibr42-2055207618770861],[@bibr44-2055207618770861],[@bibr49-2055207618770861]^ where the control groups were administered the same baseline assessment and then upon completion of the study, were given the opportunity to try the intervention as well. Studies that had a comparison group instead of a waitlist control included five studies^[@bibr36-2055207618770861],[@bibr38-2055207618770861],[@bibr45-2055207618770861][@bibr46-2055207618770861]--[@bibr47-2055207618770861]^ that offered a reduced version of the intervention (e.g. website access without tailored feedback), two studies that offered text material only (i.e. brief educational e-booklet or printed material)^[@bibr28-2055207618770861],[@bibr29-2055207618770861]^ and three studies that included comparison groups that were not purely digital^[@bibr32-2055207618770861],[@bibr41-2055207618770861],[@bibr43-2055207618770861]^ and involved human support such as a motivational interview or telephone support. Only two of these studies^[@bibr41-2055207618770861],[@bibr43-2055207618770861]^ included a waitlist control and a comparison group.

Outcome measures {#sec16-2055207618770861}
----------------

Most studies used a mix of different outcome measures including physical, psychological, biological, behavioural or work measures. There were 30 instances where standardized measures were used, which are detailed in [Table 1](#table1-2055207618770861){ref-type="table"}, but many measures were study specific to adapt to the digital nature of the intervention.

Physical measures {#sec17-2055207618770861}
-----------------

Physical health measures were both self-reported and biometric with 19 instances in total (see [Table 1](#table1-2055207618770861){ref-type="table"}). The outcomes included self-reported measures of sleep, physical activity levels and healthy lifestyle rating as well as biological measures of heart rate, blood pressure and body mass index (BMI).

Psychological measures {#sec18-2055207618770861}
----------------------

The total number of instances of mental or well-being related measures was 25. These measures (see [Table 1](#table1-2055207618770861){ref-type="table"}) ranged from perceived motivation ratings to self-efficacy scales with the most common being measures of anxiety and depression (*n* = 6). Examples of more novel measures were mindfulness and help-seeking attitude questionnaires.

Other health-related measures {#sec19-2055207618770861}
-----------------------------

As per [Table 1](#table1-2055207618770861){ref-type="table"}, most studies used a combination of health measures, which largely reflected the variety of study aims undertaken. This included health-related measures focused on alcohol and eating behaviours, website usage, logged activity counts and even productivity by daily mean number of keystrokes on a work computer keyboard. The total instances of occupational measures related to health was 17 with standardized measures such as the Brief Job Stress Questionnaire,^[@bibr50-2055207618770861]^ the Utrecht Work Engagement Scale^[@bibr51-2055207618770861]^ and the Work Productivity and Activity Impairment^[@bibr52-2055207618770861]^ questionnaire being common examples.

Design and aims of studies {#sec20-2055207618770861}
--------------------------

All studies included in the review were RCTs, three of which were pilot RCTs^28,38,47^ and three clustered RCTs.^[@bibr26-2055207618770861],[@bibr44-2055207618770861],[@bibr45-2055207618770861]^ Across the studies, the combined number of participants randomized was 6168. Sample sizes ranged from 29 to 1066 participants, with a median of 216. Less than one-fifth of studies randomized under 100 participants^[@bibr28-2055207618770861],[@bibr37-2055207618770861],[@bibr39-2055207618770861],[@bibr47-2055207618770861]^ and two of these were pilots, which therefore aimed to recruit a smaller sample.^[@bibr46-2055207618770861],[@bibr47-2055207618770861]^ Almost half (*n* = 9) of the studies had samples consisting of 200--500 randomized participants^[@bibr26-2055207618770861],[@bibr27-2055207618770861],[@bibr29-2055207618770861],[@bibr31-2055207618770861],[@bibr34-2055207618770861],[@bibr41-2055207618770861],[@bibr44-2055207618770861],[@bibr45-2055207618770861],[@bibr49-2055207618770861]^ with only three studies over 500.^[@bibr33-2055207618770861],[@bibr36-2055207618770861],[@bibr43-2055207618770861]^

Most of the studies (*n* = 19) aimed to improve or change a specific health-related outcome. Of these, five were an alcohol improvement intervention,^[@bibr28-2055207618770861],[@bibr32-2055207618770861],[@bibr38-2055207618770861],[@bibr46-2055207618770861],[@bibr53-2055207618770861]^ another five aimed to improve a mental health outcome,^[@bibr26-2055207618770861],[@bibr33-2055207618770861],[@bibr35-2055207618770861],[@bibr42-2055207618770861],[@bibr44-2055207618770861]^ three studies aimed to improve sedentary behaviour for desk-based employees,^[@bibr34-2055207618770861],[@bibr37-2055207618770861],[@bibr39-2055207618770861]^ two focused on improving musculoskeletal symptoms,^[@bibr41-2055207618770861],[@bibr45-2055207618770861]^ another two on heart health improvement,^[@bibr31-2055207618770861],[@bibr47-2055207618770861]^ one for insomnia^[@bibr27-2055207618770861]^ and one for a mix of work-related rumination, fatigue and sleep.^[@bibr40-2055207618770861]^ The final three studies aimed to improve a combination of outcomes such as general health, stress, coping abilities and diet.^[@bibr29-2055207618770861],[@bibr30-2055207618770861],[@bibr43-2055207618770861]^

Intervention effects {#sec21-2055207618770861}
--------------------

Out of the 22 studies reviewed, almost half (*n* = 9) had positive significant findings for a primary outcome measure. The most common type of intervention with a significant effect (*n* = 3) was an intervention aimed at improvement of sedentary behaviour among computer-based employees reported in three studies using an e-health software program.^[@bibr34-2055207618770861],[@bibr37-2055207618770861],[@bibr39-2055207618770861]^ The remaining studies found significant improvements with mental health,^[@bibr26-2055207618770861],[@bibr33-2055207618770861]^ job satisfaction,^[@bibr42-2055207618770861]^ healthy heart-related behaviours (e.g. diet, exercise, self-efficacy)^[@bibr31-2055207618770861]^ and insomnia,^[@bibr27-2055207618770861]^ and in one study the intervention was found to improve work-related levels of rumination, problem solving, pondering, fatigue and sleep quality.^[@bibr40-2055207618770861]^

Mixed and negative findings {#sec22-2055207618770861}
---------------------------

The studies reviewed (*n* = 13) that had mixed results and in one instance a negative outcome did not vary appreciably with regard to type of interventions or mode of delivery when compared with those that found positive significant effects. The most common aim of the studies in this group was alcohol behaviour related (*n* = 5), and while there were significant improvements for all but one, each had a caveat attached. One study found improvements but the high attrition rate rendered the results inconclusive,^[@bibr28-2055207618770861]^ another found improvement but only when the two intervention groups were combined and compared with the control,^[@bibr38-2055207618770861]^ another found differences but only between high- versus low-risk drinkers and not between intervention groups,^[@bibr26-2055207618770861]^ and another found differences between groups but only when sub-analysis was conducted and only with specific types of binge-drinking behaviours.^[@bibr36-2055207618770861]^ The last of the alcohol-focused studies was the only study that did not result in any significant outcomes,^[@bibr36-2055207618770861]^ and in this study the intervention group reported a 5.6% increase in weekly alcohol consumption.

The remaining studies with mixed results (*n* = 8) included interventions aimed at improving a group of health behaviours, psychological well-being and stress-related musculoskeletal complaints. The majority of these studies (*n* = 6) found a significant improvement in only one or some of the health-related measures^[@bibr29-2055207618770861],[@bibr30-2055207618770861],[@bibr35-2055207618770861],[@bibr44-2055207618770861],[@bibr45-2055207618770861],[@bibr47-2055207618770861]^ included. The two remaining studies were less clear in that one found improvement for the intervention group but only at baseline compared with the control (i.e. the difference was short term)^[@bibr43-2055207618770861]^ and another found differences within groups but not between and were inconsistent in regard to symptom localization.^[@bibr41-2055207618770861]^

Risk of bias {#sec23-2055207618770861}
------------

Of the 22 studies, seven were classified as having a low risk of bias^[@bibr26-2055207618770861][@bibr27-2055207618770861]--[@bibr28-2055207618770861],[@bibr37-2055207618770861],[@bibr40-2055207618770861],[@bibr41-2055207618770861],[@bibr44-2055207618770861]^ based on qualities such as clearly defined randomization process reporting, appropriate blinding of group allocation where possible and complete reporting of all outcomes stated in the methods. The remaining studies (*n* = 15) did not report or clarify measures taken to avoid bias, so they were given an unclear risk status. A summary of the risk of bias assessment can be found in Table 3 in supplementary File 2.

Excluded studies {#sec24-2055207618770861}
----------------

Throughout the study selection process, a total of 11 studies were found to be highly relevant but not eligible due to the inclusion criteria. Six of these studies included human input supplied in the form of health care professionals, such as physicians or counsellors, who were accessible in person or by phone, text or email.^[@bibr16-2055207618770861],[@bibr19-2055207618770861],[@bibr54-2055207618770861][@bibr55-2055207618770861][@bibr56-2055207618770861]--[@bibr57-2055207618770861]^ Another four studies did not report health-related outcomes and instead reported engagement and acceptability outcomes.^[@bibr53-2055207618770861],[@bibr58-2055207618770861][@bibr59-2055207618770861]--[@bibr60-2055207618770861]^ One study was a cost analysis study that reported health care cost results with no data on specific health-related outcomes.^[@bibr61-2055207618770861]^

Discussion {#sec25-2055207618770861}
==========

The purpose of this systematic review was to assess the impact of digital health interventions in the workplace on health-related outcomes of employee participants. A key eligibility factor for study inclusion was the use of digital-only interventions so as to better discern the effect of the digital component. The final selection of articles was 22 RCTs covering a broad range of interventions and measured outcomes. Significant improvements were found in all studies but one, for at least one health-related outcome, although more than half of the studies had a mix of both positive and negative findings. The interventions varied in content, but most were formatted as a combination of an initial assessment followed by access to a website. Three of the studies differed slightly in approach; two used specific software programs downloaded on to work computers and one used a smart phone app. Although the study designs were all RCTs, three were pilot RCTs and three were cluster RCTs. These were considered eligible as they were randomized and included at least one primary health-related outcome. The quality of the studies included was adequate based on risk of bias assessment using the Cochrane risk of bias tool.

A high level of heterogeneity across the studies in terms of intervention aims, content, measures and overall outcomes made it difficult to compare or discern patterns of impact among the 22 included studies. However, from the group of nine studies that reported positive significant improvements for a primary health-related outcome, it would appear interventions that targeted specific health behaviours, such as being sedentary in the workplace, were especially engaging and effective. The two studies that exemplify this both used an intervention labelled 'Exertime'.^[@bibr37-2055207618770861],[@bibr39-2055207618770861]^ Both articles reported a 0% attrition rate, unmatched in this respect by any other intervention reviewed. It is worth noting that the 'Exertime' studies had substantially smaller samples sizes (ranging from 29 to 34 participants) compared with most of the other studies and it is therefore not clear whether this observed impact would be replicated in larger, more dispersed populations. It is clear, however, that the combination of intervention design and implementation garnered impressive engagement over the 12- to 13-week study period. This was potentially due to the ease with which the intervention, consisting of short and simple tasks, was integrated into participants' daily workflow creating a high opportunity, low demand situation for the behaviour change to occur. Further supporting this type of approach was another study using a programme called 'Get Moving'.^[@bibr34-2055207618770861]^ This intervention also aimed to improve sedentary work behaviour and reported significant findings and a low attrition rate of only 5%.

The concept of targeting a specific area of health to drive efficacy and outcomes was evidenced by two other studies with positive significant findings. These studies were aimed at improving insomnia in one instance^[@bibr27-2055207618770861]^ and heart healthy behaviour in the other.^[@bibr31-2055207618770861]^ Both were successful with sample sizes of over 200 participants and attrition rates lower than 25%, closer to the average rate for digital health interventions in general.^[@bibr62-2055207618770861]^

In contrast, studies targeting complex, and sometimes multifactorial, health-related behaviours did not appear to be as efficacious. An example of this was a collection of five studies that included interventions aimed at improving alcohol-related behaviours. Of these studies, four had significant findings but only within certain contexts. The first two studies^[@bibr38-2055207618770861],[@bibr46-2055207618770861]^ found improvements for specific groups (e.g. moderate or high-risk alcohol groups) and for specific types of drinking behaviours (e.g. bingeing). As one of these studies^[@bibr46-2055207618770861]^ used website usage as an outcome measure, it is difficult to tell if this translated into actual behaviour change. The third study^[@bibr32-2055207618770861]^ had a significant result but only when two intervention arms were combined and compared with the waitlist control group, and the fourth study^[@bibr28-2055207618770861]^ found a significant difference between groups, but this effect disappeared when a sensitivity analysis was conducted to account for missing data. This highlights a major issue with evaluating any intervention that has a high attrition rate. The final study^[@bibr36-2055207618770861]^ had non-significant findings even though it utilized an intervention much the same as the previous four studies (i.e. online screening and tailored feedback specific to drinking) and resulted in the intervention group having an increased weekly average alcohol consumption of 5.6%.

Based on the studies within this review, it would appear that purely digital interventions are most beneficial when firmly embedded into the work environment (e.g. downloaded as software directly onto a work computer) and are restricted to targeting specific health behaviours that are routinely conducted during working hours (e.g. physical activity, eating). In the case of more complex health issues, especially ones where the health behaviours extend outside the workplace environment, a purely digital intervention may not be adequate and a multicomponent intervention, including human support, may be a better approach.^[@bibr63-2055207618770861]^

Limitations and future directions {#sec26-2055207618770861}
---------------------------------

Although the included studies were of robust design (i.e. RCTs), the frequent use of non-standardized outcome measures made attempts to draw comparisons between outwardly similar studies difficult, which is a limitation of the review overall. The results from the alcohol studies demonstrate the difficulties of assessing the impact of digital interventions in the workplace, especially when targeting complex health behaviours. Perhaps mirroring some of the same issues, many of the studies within this review reported both positive and negative results, making it difficult in particular to formulate conclusions in relation to which type of intervention is effective for which outcome. In addition, attrition rates (ranging from 0 to 60%) raise questions as to whether engagement or the measures used for quantifying outcomes were influencing results. An in-depth focus on engagement together with the use of standardized measures and better reporting of 'active' intervention components would strongly enhance future evaluations and perhaps allow for meta-analysis.

Conclusions {#sec27-2055207618770861}
===========

Existing evidence suggests that workplace digital health interventions show promise as a method for improving various aspects of employee health. This review systematically assessed current available research investigating purely digital interventions in the workplace. It is clear that more research is needed as a strong foundation of evidence is currently lacking. Many recently developed health interventions have begun to use the behaviour change taxonomy developed by Michie et al. (2013)^[@bibr64-2055207618770861]^ and future research should include the reporting of the 'active' components of interventions to help clarify how programmes are working. This together with the use of standardized measures will make it easier to demonstrate the type of interventions that are most efficacious for different health-related behaviours.

In addition, further investigation of intervention engagement is necessary. Investigators should address engagement early on in programme design as well as throughout implementation and evaluation. This approach, alongside the inclusion of measures that more clearly translate into return on investment (ROI) metrics, may be beneficial to many employers looking to quantify the value of workplace digital health interventions.

Finally, this review highlights the scalability of digital workplace interventions for improving health-related outcomes. Although there is evidence suggesting multicomponent interventions are superior in supporting employee health and well-being enhancement, further investigation of the digital components of these programmes is necessary. With smartphone internet access now surpassing traditional computer-based access, it would be advantageous for new studies to explore the efficacy of this particular medium. As mentioned earlier, only one study^[@bibr47-2055207618770861]^ in this review included a smartphone app as part of the intervention. Considering that the number of health apps available worldwide exceeded 318,000 last year,^[@bibr65-2055207618770861]^ it may be that evaluating existing smartphone apps in an employee population could be the next step in establishing the impact of digital health interventions within the workplace.

Supplemental Material
=====================

###### Supplemental material for The impact of digital health interventions on health-related outcomes in the workplace: A systematic review

###### 

Click here for additional data file.

Supplemental material for The impact of digital health interventions on health-related outcomes in the workplace: A systematic review by Ana Howarth, Jose Quesada, Jessica Silva, Stephanie Judycki and Peter R Mills in Digital Health

Contributorship {#sec33-2055207618770861}
===============

JQ, PM and AH conceived and designed the study. AH with the assistance of PM, SJ, JS and JQ, contributed to data extraction, conducted the analyses, and drafted and revised the manuscript. All authors read and approved the final manuscript.

Conflict of interest {#sec32-2055207618770861}
====================

All authors are either directly employed or contracted by Cigna Corporation, or one of its subsidiaries, which develops and markets a variety of health interventions. The authors declare that they have no conflicting interests.

Ethical approval {#sec34-2055207618770861}
================

Not applicable.

Funding {#sec35-2055207618770861}
=======

This work was supported by Cigna Global Wellbeing Solutions Ltd, UK.

Guarantor {#sec36-2055207618770861}
=========

AH was the guarantor.

Peer review {#sec37-2055207618770861}
===========

This manuscript was reviewed by two reviewers who have both chosen to remain anonymous.

Supplementary Material
======================

Supplementary material is available for this article online.

[^1]: Randomized controlled trial (RCT).

[^2]: WHO-5 Well-being Index (World Health Organization 5-item well-being index).

[^3]: L: low risk of bias; U: unclear risk of bias.

[^4]: BMI (body mass index).

[^5]: EQ-5D (European Quality of Life-5 Dimensions).

[^6]: COPE (Coping Inventory).

[^7]: Short messaging service (SM).

[^8]: Body mass index (BMI).
